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June 2014 Trial (1991 Trial ( -1994 was much longer than length of stay today. A pooled analysis of data from three large trials revealed a strong relationship between the speed of initiation of intravenous tPA after stroke onset and improved functional outcome at 90 days but did not examine the economic effect. 6 Luengo-Fernandez et al 7 identified an inverted U-shaped relationship between initial National Institute of Health Stroke Scale (NIHSS) score and cost of care in the year subsequent to the initial stroke, with more severe patients expending more, but with costs attenuated for the sickest patients because of early death. A recent study compared mechanical thrombectomy as an adjunct to intravenous tPA using a Markov model and Monte Carlo simulation based on a hypothetical 68-year-old patient with large-vessel ischemic stroke. 8 This simulation study reported an interventional strategy has the potential for being cost-effective, but the assumptions of the model have been questioned. 9 The present economic study was planned as part of the Interventional Management of Stroke (IMS) III Trial-an international, multicenter, randomized, open-label clinical trial with a blinded outcome assessment at 3 months-that tested the approach of intravenous tPA followed by protocol-approved endovascular treatment when compared with standard intravenous tPA. 10 The IMS III trial began enrollment in August 2006. In April 2012, after 656 of a planned 900 participants had undergone randomization, the Data and Safety Monitoring Board recommended to the sponsor (the National Institute of Neurological Disorders and Stroke) that enrollment be terminated owing to the crossing of the prespecified boundary for futility. The clinical trial analysis found no overall difference in outcomes for the 2 study arms. A prespecified subgroup analysis showed a statistical trend that patients with more severe stroke may do better with intravenous+intra-arterial, but this relationship did not achieve statistical significance (P=0.06). The current analysis compares initial hospital charges and costs estimated from the recorded charges for IMS III subjects treated in the United States with intravenous tPA alone and those treated with intravenous tPA followed by endovascular therapy (heretofore referred to as the endovascular-treated group) for whom UB04 billing data were prospectively collected as part of the clinical trial.
Methods

Study Population
The IMS III Trial planned to enroll a maximum of 900 subjects, aged 18 to 82 years, at 58 centers in the United States, Canada, Australia, and Europe. Eligibility criteria included receipt of intravenous tPA within 3 hours after symptom onset and a moderate to severe neurological deficit (defined as an NIHSS score, ≥10 or after approval of amendment 3, an NIHSS score of 8-9 with computed tomographic angiographic evidence of an occlusion of the first segment of the middle cerebral artery [M1], internal carotid artery, or basilar artery at institutions, where computed tomographic angiographic imaging at baseline was the standard of care for patients with acute stroke). Informed consent was obtained from the eligible patient or a legal representative before randomization. Detailed inclusion and exclusion criteria have been published. 10 The original economic study of the IMS III Trial was designed with 80% power to detect a 10% reduction in cost ≥1 year after stroke. 11 The present analysis has a shorter time horizon for the accumulation of cost difference and contains only US subjects' UB04 charge data because UB04 data are not collected in Australia, Canada, or Europe. The results of this analysis of hospital cost differences should be interpreted in view of these limitations.
Determination of Cost
Cost of the initial hospital admission was estimated based on the actual hospital charges documented on UB04 billing forms provided by the treating hospitals. Total charges were summed if ≥1 UB04 form was present. Thus, study charges included cases where ≥1 bill was submitted from a hospital, as well as multiple individual bills submitted from referring and receiving hospitals. Subjects were not charged for the intra-arterial tPA (study drug provided by Genentech); thus, the cost of one 50-mg vial of tPA was added to the cost estimate for all subjects who received this therapy. Free devices, or hospitalrequested device replacements, were provided by some vendors over parts or all of the trial period (EKOS, Concentric, and Johnson & Johnson) . This variation was corrected by adding the cost of the primary device to the estimated cost for the affected bills. Charges were converted to costs using the treating hospital's Medicare cost:charge ratio filed with the CMS. All cost estimates were converted to 2012 US dollars using the Medical Care Services Consumer Price Index. Because hospital costs vary greatly across geographic regions in the United States based on differences in the cost of labor, we also estimated an adjusted cost value, using the CMS 70% labor adjustment factor for each of the hospitals in the study; however, this cost estimate modification did not significantly affect the results, so these data are not reported. Thus, 3 separate measures of the amount of hospital resources used for the initial ischemic stroke event were estimated in the cost analyses. These were charges as submitted in the year of the event, costs in currency of the year of the event, and present value costs (PVC) inflated to represent costs in 2012. All analyses were performed using SAS version 9.3 (Cary, NC).
Intent-to-treat analysis included data for all subjects randomized in the study, who had economic data collected for the initial stroke hospitalization. Basic descriptive statistics were used to compare costs of subjects randomized to endovascular treatment to subjects receiving intravenous tPA alone. The effects of differences in subject characteristics at baseline on observed charges, costs, and 2012 PVC were examined using generalized linear multivariable models with a γ-distributed log-link function. All cost models included as covariates any measures are listed in the online-only Data Supplement that were significant at P<0.05. The distribution of hospital charges for the admissions was examined using the standard CMS charge groupings with the exception of the operating or procedure room charges and anesthesia charges, which we combined in the OR category, and blood charges, which we included in the Other category. Finally, the cost profiles of the IMS treatment groups were compared with the cost profiles of a sample of US patients, who were treated under usual care conditions using all payer data from the Healthcare Cost and Utilization Project National Inpatient Sample (NIS) for 2010. NIS patients were selected if they had a principal diagnosis International Classification of Diseases, Ninth Revision, code of acute ischemic stroke similar to the principal International Classification of Diseases, Ninth Revision, diagnosis codes observed for the IMS subjects, while also having a procedure code indicating receipt of tPA. Within this group, we then identified the subgroup of admissions with an International Classification of Diseases, Ninth Revision, procedure code of endovascular embolectomy (39.74). Although the NIS comparison group was selected to be as similar to the IMS stroke cohort as possible, it is likely that those treated with intravenous tPA had substantially lower stroke severity than the subjects in the IMS III Trial because the trial excluded patients with an NIHSS of <10 except for patients with NIHSS of 8 to 9 with a larger artery occlusion on imaging. The charges for the NIS cohort were adjusted to costs using the cost:charge ratios for the discharging hospital. For consistency with the IMS III Trial cost analysis, the NIS data were then inflated to 2012 PVC using the Medical Care Services Consumer Price Index.
Results
A total of 430 (66% of subjects randomized in the study), of the 454 US subjects in the trial, had usable economic data collected for the initial stroke hospitalization. The 202 non-US subjects were not considered in this analysis (Appendix).
The mean observed charges and costs for the subjects with moderate to severe stroke randomized to endovascular treatment and to intravenous tPA alone are provided in Table 1 . The mean hospital charges per admission recorded on the UB04 form was $113 185, this amount is equal to $35 130 when adjusted to reflect the 2012 costs of a stroke admission (controlling for effects of age, stroke location, NIHSS, diabetes mellitus, and time to intravenous tPA administration). The $35 130 cost incurred for subjects treated with endovascular therapy and is compared with a cost of $25 630 for subjects treated with intravenous tPA alone, a difference of $9500 in 2012 currency (P<0.0001). The cost of the endovascular devices used to administer intra-arterial tPA or to perform thrombectomy in this population can range from $1250 to $11 000. 12 Thus, the higher cost in the endovascular therapy arm may be largely explained by the cost of the device. As expected, treatment group (intravenous plus endovascular treatment) and baseline NIHSS (higher severity with higher costs) did affect costs, as did time to tPA (lower costs with earlier treatment), age (higher costs with older age), stroke location (higher cost with right hemispheric location), and comorbid diabetes mellitus (higher costs with diabetes).
The multivariable analysis assessing the effects of differences in subject characteristics at baseline on observed charges, costs, and PVC revealed a significant effect of the study year of the trial on charges (P<0.0001) and costs (P=0.0002). However, the inflation-adjusted costs do not show a time effect over the course of the study. Sex, race, history of hypertension, coronary artery disease, congestive heart failure, hyperlipidemia, statin or antiplatelet use at baseline, atrial fibrillation, baseline systolic blood pressure, baseline international normalized ratio, withdrawal of care, or preexisting disability did not significantly affect the estimated cost of a hospital admission for stroke in subjects treated within the trial.
The effects of treatment group, stroke severity, and time to tPA administration on mean PVC of hospital care for stroke are shown in Figure 1 . The adjusted mean cost of the initial hospital admission for stroke subjects randomized to endovascular therapy after intravenous tPA is, as expected, consistently higher than the mean cost of care for subjects treated with intravenous tPA alone, regardless of the timing of tPA administration. However, the mean cost of care for subjects randomized to endovascular therapy after intravenous tPA differed based on whether patients actually received an endovascular therapy. Multivariable model estimates (controlling for age, stroke severity, and early tPA administration) of mean cost for subjects randomized to endovascular therapy after intravenous tPA who did not receive the intra-arterial intervention was $30 313 when compared with $38 424 for subjects who were treated with intra-arterial tPA or an embolectomy device. For comparison, mean cost for the intravenous tPA alone group was $25 630.
Subjects with a severe stroke (NIHSS≥20) have ≈$7000 greater hospital costs than subjects with a moderate stroke (Figure 1 ). However, in the group randomized to endovascular therapy, administration of tPA within 2 hours of stroke onset reduced the cost of a stroke by an estimated $3248 (P=0.0442) regardless of stroke severity. A different cost pattern was observed for subjects treated with intravenous tPA alone. Early administration of tPA made no significant difference (-$1385) in observed cost for those with moderate stroke (P=0.1267) but reduced the mean cost by $7706 for those with severe stroke. Thus, the greatest cost savings for subjects treated with intravenous tPA alone may be expected from improvement in the time to tPA administration for subjects with severe stroke.
The pattern of adjusted mean length of hospital stay reflects those observed for the costs for subgroups of subjects defined 
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June 2014 by timing of tPA and stroke severity. Length of hospital stay was 2.4 days shorter for subjects who received tPA within 2 hours of stroke onset (P<0.0001); 1.5 days shorter for subjects with baseline NIHSS<20 (P=0.0190); and length of hospital stay was 1.3 days longer for subjects with a right hemispheric stroke (P=0.0361). We observed a trend toward slightly shorter mean hospital length of stay (1.0 day) for subjects who received endovascular therapy (P=0.0848) than the mean length of hospital stay observed for subjects who received intravenous tPA alone, after controlling for the effects of timing of tPA and baseline covariates. There was no statistical difference at 7 days after stroke (P=0.57) for the 2 study arms, so cost differences are unlikely to be because of survival. Thus, differences in length of hospital stay explain some, if not much, of the cost difference observed in the study. When we examined the distribution of mean charges by charge category (Figure 2 ), we observed significantly higher charges billed for respiratory services (P=0.02), laboratory (P=0.03), operating or procedure room use (including anesthesia) (P<0.0001), radiology services (P<0.0001), and supplies (P<0.0001) for endovascular therapy subjects when compared with the mean charges for the intravenous tPA-alone group.
As expected, we observed some variations in mean cost across the treatment groups depending on the endovascular device types used and the choices made for the use of anesthesia. Some subjects who were randomized to receive endovascular therapy were not candidates for thrombectomy, and 3 subjects randomized to intravenous tPA alone received endovascular therapy. The mean cost observed for subjects by the use of intubation for general anesthesia, whether routinely used for the endovascular procedure or as medically indicated for control of airway and respiration, is presented in Table 2 .
We examined the cost distributions by therapy type and compared the cumulative cost curves for the IMS III subjects Figure 3 .
Discussion
The financial burden of stroke is large from all viewpoints: people, society, and payer. Although the cumulative costs of stroke care in the long term far exceed the costs of acute care, costs associated with acute care have not been well characterized using detailed billing information. 13, 14 As expected, emergency endovascular intervention using embolectomy devices in the IMS III Trial resulted in greater cost per subject when compared with subjects treated with intravenous tPA alone. This cost difference is explained primarily by the use of the embolectomy devices, intra-arterial tPA, and the angiographic procedure. However, the IMS III Trial also provides insights into 3 important drivers of acute care costs in subjects who undergo reperfusion therapy: baseline stroke severity, time from stroke onset to start of reperfusion therapy, and routine use of general anesthesia during endovascular stroke therapy.
Stroke prognosis and care needs are governed by stroke severity, and costs and outcomes are closely linked in our findings. Severe stroke was much more expensive in the acute hospital care than moderate stroke in the IMS III Trial, irrespective of treatment assignment. This is an intuitive result for clinicians because patients with severe stroke are less likely to be discharged quickly and to go home. It also complements the recent report by Fonarow et al 2 using the Get With The Guidelines database in which baseline stroke severity is the most important driver of subject outcome and mortality. Subject treated with tissue-type plasminogen activator (tPA) alone and those treated with tPA followed by endovascular therapy using embolectomy devices in Interventional Management of Stroke (IMS) III and National Inpatient Sample (NIS) cohorts. Cumulative cost curves for patients with acute ischemic stroke (AIS) receiving IV tPA alone (red curves) included data from IMS III subjects randomized to tPA alone (IMS IV alone) and Healthcare Cost and Utilization Project NIS patients who received IV tPA but did not have an endovascular procedure code or a diagnosis-related group (DRG) classification indicating an endovascular intervention (NIS tPA). Cumulative cost curves for IMS III subjects who were randomized to endovascular treatment with embolectomy devices (black solid line) and NIS patients who had both a tPA procedure code (indicating received tPA) and an endovascular procedure code or DRG classification indicating embolectomy (black interrupted line) are provided. Medicare 2012 payment levels (without any hospital-specific payment for teaching or regional factors) for the DRGs most relevant to IMS III are indicated by the vertical lines. DRG 61 is national payment for AIS with the use of thrombolytic agent with major comorbid condition (MCC), DRG 62 is payment with comorbid condition (CC), and DRG 63 is payment without MCC or CC. To best reflect IMS III in this figure, DRG 23 is payment for AIS with embolectomy (craniotomy with major device implant or acute complex CNS PDX with MCC) and a tPA procedure code, and DRG 24 is payment for AIS with embolectomy as defied above without MCC and a tPA procedure code. Payment and cost of providing care are equal (on average) if the payment line crosses the cumulative cost cure at the 50% mark. Payments are inadequate for covering cost of care (on average) if the payment line crosses the cumulative cost curve at a point lower than 50%, and payment exceeds cost of care (on average) if the payment line crosses the cumulative cost curve above the 50% mark. The observed cost curves for IMS III subjects treated with IV tPA alone seem slightly higher than the cost curve for the NIS patients with stroke with an International Classification of Diseases, Ninth Revision, code of tPA, reflecting the exclusion of mild strokes from the trial. Furthermore, the expected Medicare payments for MS-DRGs 61, 62, and 63 fall below the 50th percentile on the cumulative cost curves, indicating that payment for these patients with stroke may be slightly less than the cost of care provided. A different pattern is observed for subjects who had embolectomy after tPA. Here, the cumulative cost curve for IMS III subjects fall to the left of the curve for NIS patients. This indicates that the IMS subjects have lower median cost than the costs estimated for the NIS patients. Furthermore, the expected payment for both groups fall far left of the median of the cost curves. This means that the typical Medicare DRG payment will be lower than what it costs a hospital to treat such a patient in a majority of cases. For the IMS III subjects, we may expect the care of 75% of subjects to cost more than the Medicare DRG payment will reimburse, whereas the expected DRG payment will not cover the cost of care for 85% of patients in the NIS cohort.
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June 2014 Evidence of a relationship between time to intravenous tPA and clinical outcome was found in only 1 of the 4 (US) subgroups examined: endovascular subjects with NIHSS≥20. Interestingly, in the prespecified subgroup analyses of all IMS III subjects comparing intravenous tPA with intravenous tPA followed by endovascular therapy, there was a trend (nonsignificant) toward better overall outcomes among participants in the endovascular group in those patients treated with intravenous tPA within 2 hours after stroke onset.
Although we do not have evidence to show association of time to intravenous tPA and outcome in the subgroups with significantly different costs, this may be because of lack of power. In addition, the pattern of adjusted mean length of hospital stay reflects those observed for the costs for subgroups of subjects defined by timing of tPA and stroke severity. Length of hospital stay was 2.4 days shorter for subjects who received tPA within 2 hours of stroke onset (P<0.0001); 1.5 days shorter for subjects with baseline NIHSS<20 (P=0.0190, already in results). It is not clear why decreased costs are not seen in the subgroup of patients treated with intravenous tPA with NIHSS 8 to 19; imbalances in other variables related to both outcome and costs between patients treated early and late could be a factor, and small numbers can lead to differences simply related to chance because the confidence intervals include both positive and negative relationships.
This finding provides strong evidence to motivate physicians and hospitals to put into place systems of care that allow for and demand rapid treatment times with special focus on assuring that these systems are effective for both patients with moderate and severe stroke. Although we recognize the importance of a 60-minute door-to-needle time yet uncommonly meet that benchmark, the Helsinki group routinely manages treatment under 30 minutes. 15 Thus, decreasing the time from stroke onset to start of reperfusion therapy currently saves money because it saves ischemic brain for patients with severe stroke. Additional work may be needed to assure that patients with moderate stroke have equal benefits.
Costs for endovascular therapy were substantially increased by the routine use of general anesthesia with intubation as part of an endovascular procedure. Increases in respiratory therapy, radiography, and anesthesia services were major drivers of the increased costs. Given the association of anesthesia with worse clinical outcomes in several previous reports, 16, 17 and the substantial increased costs with the use of general anesthesia and intubation, this practice needs great scrutiny going forward.
Importantly from the overall societal costs perspective, the charges for subjects in the intravenous tPA treatment group within the trial were close to charges for a similar cohort from the NIS. This suggests that these economic results from the IMS III Trial are generalizable to typical care in the United States. The costs for endovascular therapy with devices in IMS III were less than the NIS sample of patients treated with embolectomy, likely because embolectomy devices were used in a minority of IMS III-treated patients who received endovascular therapy when compared with those in the recent NIS sample. The costs of care for endovascularly treated patients far exceed typical remuneration patterns in the NIS, implying that these procedures are undersupported financially.
The current study has several limitations. First, we analyzed only hospital costs and did not include any physician costs in our analyses. It would be expected that the use of endovascular treatment and routine anesthesia would add a larger amount of separately billed physician costs to the overall total cost difference between the 2 approaches. Second, this analysis examines only the initial hospitalization and does not examine the costs over subsequent years that are highly correlated with disability after stroke. A subsequent article will address the 1-year costs and projected future costs in the IMS III cohort. Finally, we cannot generalize our cost estimates to other countries. However, we expect that the increase in costs associated with stroke severity, endovascular treatment, later treatment with intravenous tPA, and routine use of intubation will be mirrored in other countries as well. 
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